MATERIALS AND METHODS
D accumulated indicating that: (1) natural multispecific autoantibodies constitute an important part of normal circulating Ig; (2) precursors of cells producing these natural autoantibodies exist with high frequency in the normal B-cell repertoire, and (3) natural autoantibodies are frequently the product of clones expressing germline Ig variable region genes. '" Previous work on monoclonal Igs (MIgs) has shown that a high proportion of paraproteins bind to self determinants like the Fc fragment of Ig; Ii blood group antigen^,^ cytoskeleton proteins and DNA,627 and myelin-associated glycoproteins.' More recently, evidence has been obtained indicating that CD5' CLL B lymphocytes are frequently committed to production of natural autoantibodies?." These results support the hypothesis that CD5' B lymphocytes are involved in production of natural autoantibodie~.'~~ '' In the present study we have examined the antibody specificity of Igs derived from tumor cells of 31 patients with C D S follicular lymphoma^.'^.'^ Our results indicate that CD5-B-cell follicular lymphoma cells also are frequently committed to production of natural autoantibodies.
MATERIALS AND METHODS

Heterohybridomas
were prepared from tumor samples obtained from 31 patients with follicular lymphomas, as previously described.I6 Hybrids secreting Igs of the same heavy-chain and light-chain type as that of the patient's tumor were identified by an enzyme-linked immunosorbent assay (ELISA). The hybridomas were expanded and Ig was purified from the cell culture supernatant using immunoaffinity chromatography. Monoclonal anti-idiotype antibodies have been developed for each of the tumor Igs as previously described." These antibodies were used in ELISA and immunoperoxidase staining procedures to establish that the Igs secreted from the heterohybrids were derived from the tumor cell^.'^ Tumor Igs were examined by both ELISA and indirect immunofluorescence (IF) techniques for antibody activity against a panel of antigens. Polystyrene flatbottomed microtiter plates (Nunc, Roskilde, Denmark) were coated with various antigens. These included actin, tubulin, myosin, trinitrophenyl-bovine serum albumin (TNP-BSA), and BSA at 5 pdmL each, in 0.1 molL carbonate buffer, pH 9.6. Doublestranded DNA (dsDNA) and single-stranded DNA (ssDNA) were coated at 100 KgimL in 0.1 molL NaCl 0.1 molL sodium citrate buffer, pH 6.0. All antigens were prepared as previously described.' anti-dsDNA and anti-ssDNA antibodies. As negative controls, irrelevant MIgs from CLL B lymphocytes were used. After washing, wells were incubated for 1 hour at 37°C with goat antihuman Ig coupled to P-galactosidase (Biosys, Compiegne, France) at a concentration of 1 pg/mL in PBS-TG. For the anti-RIgG assay, the second antibody was an F(ab'), rabbit antihuman p chain specific antibody conjugated to peroxidase in the case of hybrids expressing IgM or an F(ab'), rabbit anti-y chain conjugated to peroxidase in the case of hybrids expressing IgG (Dakopats, Dako, Copenhagen, Denmark). Enzyme substrate was added after washing and optical densities were measured by Titertek Multiskan (Flow Laboratories, Puteaux, France). Optical densities of at least 10 times the mean background level were considered to be positive.
All supernatants were tested by IF, for the presence of antinuclear (ANA), antismooth muscle (SMA), antimitochondrial (AMA), and stomach (ASA) antibodies by using 6-km frozen sections of rat kidney, liver, and stomach composite blocks. Purified tumor MIgs at 100 and 50 pg/mL concentrations were incubated with frozen sections and the reaction was developed by incubation with sheep antihuman Ig coupled to fluorescein isothyocyanate (FITC; Bio-SYS). 
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RESULTS
Hybrids wcrc derived from 31 paticnts (20 mcn and 11 womcn) with a diagnosis of follicular lymphomas. Tablc 1 summarizes thc histopathology and immunophcnotypc of thc malignant B cclls. The isotypcs wcrc IgMk (12 cascs), IgM A (14 cascs), lgGk (onc casc) and IgG A (four cases). In each casc. frozcn tissue scctions wcrc tcstcd using an immunopcroxidasc staining tcchniquc which confirmcd that thc isotypc of thc tumor Ig corrcspondcd to thc isotypcs sccrctcd by the hybridomas. All caws wcrc ncgativc for rcactivity with anti-CDS. In addition, anti-idiotypc antibodies wcrc uwd to establish that thc hctcrohybridoma-dcrivcd Ig also was cxprcsscd by thc tumor spccimcn. 
Anrigen tractiviry by tumor M l p .
BSA, and RlgG. Ig from patients, Fro, Wit, Mil, and Chr bound to RlgG, whereas Tra Ig and Ala Ig bound to RIgG and also displaycd an ANA speckled pattcm. Figurc 1 shows the fluorcsccncc pattcm of Draw Ig and Ala Ig, which dcmonstratcd typical SMA and ANA patterns. All eight Igs that showed reactivity were of the IgM isotypc.
DISCUSSION
We have examined the antibody spccificity of purified Mlgs derived from 31 CDY Bccll lymphomas. Our prcscnt results indicatc there is a high frcqucncy of autoantibody activity among thcsc Mlg. Anti-idiotypc antibodics wcrc used to establish that thc hybrids wcrc dcrivcd from the tumor cells. Thcsc rcsults cxtcnd and confirm the idca that the autorcactivc Bccll rcpcrtoirc may undcrgo malignant transformation.
In thc casc of human monoclonal gammapathics, it has been dcmonstratcd that about 30% of IgM MIgs bind to self dctcrminants.'.' Cryoglobulins and cold agglutinins Recent work on CD5' B-CLL also has demonstrated a high frequency of natural autoantibody activity among Igs derived from this subset of B Kipps et found that a high proportion of IgMk-bearing B-CLL cells reacted with a murine anti-idiotypic antibody produced against a monoclonal IgM rheumatoid factor expressing the Wa idiotype. These cells express the Hum KV 325 K light chain variable region gene, which is ~nmutated.~' Similar restriction was found when VH genes were analyzed.24 The antibody reactivities observed in our work with CD5-B-cell lymphomas are similar to those observed for CD5' B-cell CLL. However, in B-CLL there is a high frequency of expression of some idiotypes like Wa idiotype, which was only infrequently seen in CD5-B-cell lymphoma^.'^ In addition, there is an active somatic mutational process in B-cell follicular lymphomas that is rarely observed in All of these results indicate that there is a high propor-B-CLL." tion of B-cell malignancies that express Igs with reactivity against self determinants. Interestingly, antibody specificities are directed against antigens that are highly conserved during evolution. Autoreactive B cells constitute a substantial part of the normal B-cell repertoire= and have been claimed to be in an "activated" state through continuous challenge by autoantigens. This "activated" state could create propicious conditions for mutations and chromosomal translocations that may contribute to malignant transformation. However, the possibility that certain Ig genes could be overexpressed by B-cell tumors should also be considered.
Another important point raised by our results concerns the role of normal CD5' B cells in the production of natural autoantibodies. Previous work in the mouse with Lyl+ B cells, the murine counterpart of CD5' B cells, has shown that these cells are involved in the production of autoantibodies.'*,'' The role that CD5-lymphocytes play in natural autoantibody production is not clear. Recent work from other groups indicate that CD5-B cells could also be implicated in the production of natural a u t o a n t i b o d i e~.~~~~~ Our results obtained with Igs derived from CD5-B-cell tumors strongly support the possibility that CD5-as well as CD5' B cells may be involved in autoantibody production. Interestingly, most cases of Waldenstrom's macroglobulinemia do not express CD5 antigen in circulating B lymphocytes and are frequently associated with the presence of MIg, displaying natural autoantibody specificities close to that reported
